Background. The purpose of this study was to estimate survival and quality of outcome and assess factors associated with outcome for patients out 5 to 15 years from their Fontan operation.
In 1971, Fontan and Baudet1 described a technique for successful definitive palliation for patients with tricuspid atresia. Subsequently, this technique has been applied to the treatment of most forms of functional single ventricle. The operation results in separation of systemic and pulmonary venous return, directing the former into the pulmonary artery without passing through a ventricle. Pulmonary venous return is directed to the single ventricle and subsequently pumped into the aorta.
Operative and early postoperative mortality and morbidity have been addressed by numerous investigators.2-6 However, midto long-term follow-up studies of these patients are few, have follow-up times less than 5 years, include a relatively small number of patients, or have follow-up information for less than 100% of the cohort.2-1' Increasingly, 0  46  13  1  93  26  2  80  23  3  76  22  4  30  9  5  19  5  6  7  2  7 1 0.3 *Reference 12. years. The primary cardiac malformation was tricuspid atresia in 125 patients, univentricular heart (doubleinlet ventricle) in 114 patients, and other complex forms of single ventricle in the remaining 113. Only 46 patients (13%) fulfilled all of the criteria for operability for the Fontan operation as described by Choussat et al.12 Indeed, more than 60% lacked two or more of these criteria (Tables 1, 2, and 3). Cohort 
of Suwvivors
Of 352 original patients, 122 are known to be dead, 230 are known to be alive at last follow-up, and all except 19 of the 230 returned a follow-up medical questionnaire for the present study. We obtained follow-up information from next of kin for four patients who died shortly before receiving our follow-up questionnaire. Hence, detailed follow-up information was available for 215 patients. In addition, of the 19 known to be alive at the last known follow-up but who did not return a questionnaire, current survival information was available from other sources for an additional three. The remaining 16 patients who were lost to follow-up were last known to be alive from 174 days to 10.9 years after operation.
For these 215 5-year survivors who returned a medical questionnaire, the mean age at the time of the Fontan operation was 11.3 years (range, years). The present mean age of this subset is 19.1 years (range, 7-50 years). The mean follow-up interval for these surviving patients was 7.7 years (range, 0.5-15.5 years). For only 14 patients was the last known follow-up information obtained less than 5 years postoperatively (Table 4 ).
Data Ascertainment
The Mayo Clinic medical records of these 352 patients were reviewed and abstracted for findings before and after the Fontan operation. In addition, a detailed health status questionnaire was sent to each known survivor. Patients who did not return or did not complete the questionnaire were sent a second questionnaire. If the second questionnaire was not returned or completed, an attempt was made to contact the patients by telephone.
Statistical Analysis
Statistical analysis included Fisher's exact test, x2 test of association for comparing proportions, Wilcoxon rank-sum test, Kaplan-Meier survival curves, log-rank test, and Cox's proportional hazards model for assessing multivariate associations between survival and risk factors. [13] [14] [15] [16] [17] [18] For some survival analyses, the date of the Fontan operation was used as time 0, whereas for others, 30 days after the operation was considered time 0. All deaths, regardless of cause, that occurred after the initiation of the operation were considered in the survival analysis irrespective of whether they occurred intraoperatively, during the postoperative hospitalization, or after hospitalization.
For determining which factors were predictors of death or other end points including death, the predictor variables were analyzed as continuous or categorical variables as appropriate. In the multivariate analysis, we used backward elimination of nonsignificant variables. For graphical presentation of the significant variables found in multivariate analysis, we used the concept of an integer-valued risk score to summarize the significant predictor variables. The levels of the significant predictor variables were categorized and given integer weights ranging in value from 0 to 5. The weights were chosen stepwise, increasing the value until the underlying variable no longer contributed to the prediction of the end point after the risk score for that variable was included.
Logistic regression was used for assessing factors associated with the 5-year survival status and functional outcome. The SAS statistical software system was used throughout. 19 Only two-tailed probability values are reported; values <0.05 were considered significant.
The variables evaluated for their association with survival and functional status of survivors are listed in Tables 2 and 3 . With the exception of "normal right atrial size," all of the criteria proposed by Choussat et al12 for a Fontan operation were included in the analysis. All variables except postoperative right atrial pressure were preoperative observations.
Results

Mortality
Of the initial 352 patients, 230 were known to be alive at last contact, and 216 of the 230 were known to be alive at least 5 years postoperatively.
The overall 30-day, 1-, 5-, and 10-year survival from time of the operation was 84%, 77%, 70%, and 60%, respectively (Figure 1 ). The majority of the 122 deaths were cardiac related, with 56 ascribed to ventricular failure ( Table 5 ). Other causes of death, such as renal failure, may have resulted from ventricular failure.
Predictors of Mortality
Eighteen potential predictors of mortality were examined (Tables 2 and 3 ). When appropriate, they were considered in both a continuous and discrete fashion. Long-term survivorship was assessed from n refers to number of patients with the factor. For some factors, a few patients are missing information; sum of the numbers in subgroups will not equal overall total. Survival estimates are obtained from Kaplan-Meier survival curves for selected time points after time zero.
Pu refers to univariate probability value from log-rank test with NS (nonsignificant) if Pu >0.05. Below each significant finding is the associated x2 statistic subscripted with its degrees of freedom. Comparison of the subgroups is an overall comparison of the survival experience not restricted to the selected time points presented. Pc refers to univariate probability value from Cox regression model assessing association between survival and factor considered as a continuous variable. Direction of association is indicated in parentheses. Minus (-) sign indicates that survival is improving (the hazard is decreasing) as the level of the factor increases or if the condition is present. Pm (with RAP) is the significance of that factor in a multivariate model arrived at after backward elimination of the nonsignificant (p>0.05, NS) variables in a model that initially included the immediate postoperative right atrial pressure. Pm (w/o RAP) is like Pm (with RAP) except that only preoperative factors were considered. AV valve abnormal if moderate or severe insufficiency preoperatively or necessity for valve repair or replacement prior to or concurrent with Fontan procedure.
All factors except postop RA pressure are based on preoperative assessment except where indicated. *Risk group 9 consists of the presence of any (.1) of the nine conditions (criteria of Choussaut's et al12).
tRisk group 4 consists of the presence of any (.1) of the four conditions. the time of operation and from day 30 postoperatively; the latter analysis excluded patients who died within 30 days of the operation. These analyses were performed with and without the inclusion of postoperative right atrial pressure.
Analysis of Survival From Time of the Operation
As is apparent from Table 3 , there are numerous variables that are significantly associated with survival in a univariate fashion. In fact, of all the variables, only sex, pulmonary arteriolar resistance, and pulmonary artery architecture were not associated with survival. For the 46 patients who fulfilled all of the criteria of Choussat et al, the survival at 5 and 10 years was 87% and 71%, respectively, whereas the 306 patients who violated one or more of these criteria had rates of 68% and 58%, respectively. We elected to examine survival for patients who violated one or more of the following four variables: mean pulmonary pressure greater than 15 mm Hg, pulmonary arteriolar resistance equal to or greater than 4 U im2, left ventricular ejection fraction less than 60%, and atrioventricular (AV) valve dysfunction (moderate or severe AV valve insufficiency or the need to repair or replace the valve). The 5-and 10-year survival for 143 patients who did not violate these criteria was significantly better (78% and 68%, respectively) than for those who violated one or more of these conditions (65% and 52%, respectively).
For each end point, two multivariate models were constructed, one excluding and one including postoperative right atrial pressure. These predictor variables were weighted statistically by the model to assess their relative effects on survival. The effect on survival of one or more of these variables is illustrated in Figure 2 . Excluding postoperative right atrial pressure, the following variables were retained in the model: univentricular heart, complex single ventricle, early calendar year of operation, heterotaxia, young age at operation, increased pulmonary artery pressure, AV valve dysfunction, and higher New York Heart Association (NYHA) classification.
If postoperative right atrial pressure is allowed to enter the model, age at operation, heterotaxia, and atrium. n refers to number of patients with the factor. For some factors, a few patients are missing information; sum of the numbers in subgroups will not equal overall total. Survival estimates are obtained from Kaplan-Meier survival curves for selected time points after time zero.
All factors except postop RA pressure are based on preoperative assessment except where indicated.
*Risk group 9 consists of the presence of any (>1) of the nine conditions (criteria of Choussaut's et all2). tRisk group 4 consists of the presence of any (> 1) of the four conditions. NYHA classification are eliminated from the model, but univentricular heart, complex single ventricle, calendar year of operation, increased pulmonary artery pressure, AV valve dysfunction, and increased postoperative right atrial pressure remain. The results of this modeling effort are illustrated in Figure 3 . Table 3 presents the candidate predictors of survival when time 0 for the analysis is the date of Fontan operation plus 30 days (i.e., the cohort of early operative survivors). It is apparent that fewer variables are statistically significant in a univariate fashion for this analysis than for the analysis from the date of Fontan operation.
Analysis of Survival From 30 Days Postoperatively
Again, multivariate models were constructed with and without postoperative right atrial pressure. If postoperative right atrial pressure is excluded from the model, early calendar year of operation, heterotaxia, AV valve dysfunction, abnormal pulmonary artery architecture, and higher NYHA class are significantly associated with mortality.
If postoperative right atrial pressure is included in the model, early calendar year of operation, increased pulmonary artery pressure, AV valve dysfunction, higher NYHA class, and increased right atrial pressure are significantly associated with mortality ( Figure 4 ).
Morbidity
Reoperation. Reoperation was necessary for 103 of the 352 patients (29%). These 103 patients had a total of 194 cardiac procedures during 158 operations ( Table  6 ). The 40  31  18  12  9  10  6  5  6  5  3  2  2  1  1  43   29  28  17  10  8  8  6  5  6  5  3  2  2  1  1   29   8  8  5  3  2  2  2 
n refers to the number of patients having the procedure on one or more occasion. A patient may have had a specific procedure on more than one occasion. of postoperative bleeding, and revision of a right atrialto-pulmonary artery connection. The Fontan operation was taken down in five patients, and cardiac transplantation was performed in one patient.
Risk Factors for the Combined Event: Death or Reoperation
The risk of reoperation or death was assessed from the time of the Fontan operation and separately for patients who were alive 30 days postoperatively, considering day 30 as time 0. Reoperation for bleeding within 48 hours of the Fontan operation was excluded from this analysis.
The set of potential predictor variables considered is listed in Table 7 . Excluding postoperative right atrial pressure from the multivariate model, the following variables were significant when considered multivariately: univentricular heart, complex single ventricle, early calendar year of operation, heterotaxia, young age at operation, increased pulmonary artery pressure, and higher NYHA classification. The multivariate findings for this combined death or reoperation end point are illustrated in Figure 5 .
When postoperative right atrial pressure is included in the model, heterotaxia and NYHA class exit the model and increased postoperative right atrial pressure and absence of sinus rhythm enter the model ( Figure 6 ).
Survival to death or initial reoperation for patients who survived at least 30 days postoperatively is displayed in Table 8 . Excluding postoperative right atrial pressure, the multivariate model includes the following significant variables: univentricular heart, complex forms of single ventricle, early calendar year of operation, and AV valve dysfunction.
When postoperative right atrial pressure is included in the model, only calendar year of operation and complex single ventricle in addition to increased right atrial pressure are significant predictors of the combined event variable of death or reoperation. The effect on survival or reoperation of one or more of these mathematically weighted predictor variables is illustrated in Figure 7 .
Hospitalization
For the 215 survivors who returned a questionnaire, 118 have been hospitalized for cardiac reasons subsequent to their Fontan operation (Tables 9 and 10 ). The reasons for hospitalization are listed in Table 10 . Except for cardiac reoperation, arrhythmias were the most frequent single reason for hospitalization.
Arrhythmias
More than 20% of the surviving cohort had symptoms of tachycardia or palpitation (Table 11 ). Postoperatively, atrial flutter or fibrillation was reported on the follow-up questionnaire by 12% and 19% of the survivors at 5 years and currently, respectively. Currently, at least one antiarrhythmic medication other than digitalis was being taken by 40 (19%) of the survivors, and eight (4%) took two. Twenty-two patients (10%) had mechanical pacemakers. Fiftytwo patients had 74 hospitalizations for arrhythmias, and 22 patients had 25 hospitalizations for pacemaker-related problems.
For the entire cohort of 352 patients, 73 (21%) had or had had atrial flutter or fibrillation; 40 (11%) had premature ventricular contractions, and 44 (13%) required a pacemaker. Protein-Losing Enteropathy or Hypoproteinemia or Hypoalbuminemia A patient was considered to have protein-losing enteropathy or hypoproteinemia or hypoalbumin- atrium. n refers to number of patients with the factor. For some factors, a few patients are missing information; sum of the numbers in subgroups will not equal overall total. Survival estimates are obtained from Kaplan-Meier survival curves for selected time points after time zero.
All factors except postop RA pressure are based on preoperative assessment except where indicated. *Risk group 9 consists of the presence of any (.1) of the nine conditions (criteria of Choussaut's et al12). tRisk group 4 consists of the presence of any (>1) of the four conditions. emia when: 1) there was historical information in the Mayo Clinic medical record substantiating that fact, 2) there was a postoperative serum protein level less than 6.3 g/dl, 3) the postoperative serum albumin level was less than 3.1 g/dl, or 4) a surviving patient indicated on the medical questionnaire that he or she had hypoproteinemia or protein-losing enteropathy 5 years postoperatively or currently. 
Functional Status of Survivors
General status. At 5 years postoperativ 83 of the survivors who returned a qu were in NYHA class I and II, respectively Both in absolute numbers and as a percen specific cohort, this represents a greater patients in NYHA class I postoperativel3 operatively. However, if patients in NY] and II are combined, 187 of the original cc patients were in one of these two cla preoperatively, and 172 of the 215 surv similarly classified 5 years postoperatively the relative percent was greater post (80%) than preoperatively (53%), the abs Risk Patient, ber of patients in class I and II was slightly less score no. postoperatively (172) than preoperatively (187) .
The information in Table 14 n refers to number of patients with the factor. For some factors, a few patients are missing information; sum of the numbers in subgroups will not equal overall total. Survival estimates are obtained from Kaplan-Meier survival curves for selected time points after time zero.
NS NS NS
All factors except postop RA pressure are based on preoperative assessment except where indicated. 
Exercise Capability
Most of the surviving patients can perform light (dust, wash dishes, wipe counters, empty wastebaskets) or moderate (vacuum, strip and make a bed, clean windows) housework (Table 18 ). Half of the patients can do heavy housework (i.e., move heavy furniture).
Similarly, most patients can walk 400 yards or climb one flight of stairs but only half can run 100 indications for one yards. Nausea when exercising was reported by 18 (8%) and 21 (10%) of surviving patients 5 years postoperatively and currently, respectively.
Slightly fewer than half of the surviving patients consider themselves capable of doing as much or more physical activity than their peers (Table 19) . Five years postoperatively, 18 patients (8%) and currently 13 patients (6%) describe themselves as able to do less than one quarter as much exercise as their peers.
For 140 students, 30 (21%) participate fully, 46 (33%) less than fully, and 36 (26%) do not participate in regular school physical education. Only seven of 28 patients who have access to special physical education classes participate in them. Education and Employment Education. School is attended by 140 of the 215 survivors. Classes are attended full-time by 125 of the 140 and part-time by 15. Six of the 15 part-time students are part-time because of their heart problem. During a 6-month school period, 92 students (66%) missed no school days, 23 (16%) missed 1-5 days, and six (4%) missed more than 30 days because of cardiac problems (Table 20) .
For 73 people who have completed formal education, 10 stopped their effort to obtain formal education because of cardiac problems. At least some post-high school education was obtained by 44% of these 73 subjects (Table 21) .
Employment. Eighty patients were gainfully employed: 52 full-time and 28 part-time. Because of cardiac problems, four of the 28 part-time employees were not employed full-time. There were 50 unemployed patients, 11 of whom were unemployed because of their cardiac problem and two because of their Fontan operation. There were very few days lost from work among the 80 employed individuals ( Table 22 ).
The patient's own perception of employment capability was obtained from 149 patients (Table 23 ). Fulltime employment was thought to be possible by 72% and no employment was thought to be possible by 3%.
Medications
At 5 years postoperatively and currently, 87 (40%) and 94 (44%) of the surviving cohort took no cardiac medication, respectively (Table 24 ). For those taking medication, digoxin and furosemide were the most common cardiac medications. Slightly more than 10% of the patients were taking one or more of the following antiarrhythmic agents: quinidine, procainamide, verapamil, propranolol, and amiodarone.
Symptoms
For the surviving patients, 56 (26%) and 60 (28%) were free of significant cardiac symptoms at 5 years postoperatively and currently, respectively (Table 25) . For those with symptoms, the most commonly reported symptoms were easy fatigue (36% and 37%), shortness of breath (28% and 30%), palpitations (24% and 28%), and rapid heart rate (23% and 27%). Nausea or vomiting with exercise was reported by 8-10% of the patients at 5 years postoperatively and currently.
Fertility
One woman had two and another woman had one pregnancy prior to the Fontan operation. All three terminated in abortion, one spontaneously and two therapeutically.
There were seven pregnancies among six women after the Fontan operation. Of the seven pregnancies, there were three spontaneous abortions, three therapeutic abortions, and one liveborn child. Although the numbers are small, the spontaneous abortion rate before the Fontan operation was 33% and after the Fontan operation was 43%. Deaths not preceded by evidence of protein-losing enteropathy (PLE) are treated in the analysis as censored observations. RAP, right atrial pressure; PA, pulmonary artery; LV, left ventricle; AV, atrioventricular; NYHA, New York Heart Association; RA, right atrium. n refers to number of patients with the factor. For some factors, a few patients are missing information; sum of the numbers in subgroups will not equal overall total. Survival estimates are obtained from Kaplan-Meier survival curves for selected time points after time zero.
Pu refers to univariate probability value from log-rank test with NS (nonsignificant) if Pu >0.05. Below each significant finding is the associated x2 statistic subscripted with its degrees of freedom. Comparison of the subgroups is an overall comparison of the survival experience not restricted to the selected time points presented. Pc refers to univariate probability value from Cox regression model assessing association between survival and factor considered as a continuous variable. Direction of association is indicated in parentheses. Minus (-) sign indicates that survival is improving (the hazard is decreasing) as the level of the factor increases or if the condition is present. Pm (with RAP) is the significance of that factor in a multivariate model arrived at after backward elimination of the nonsignificant (p>0.05, NS) variables in a model that initially included the immediate postoperative right atrial pressure. Pm (w/o RAP) is like Pm (with RAP) except that only preoperative factors were considered.
AV valve abnormal if moderate or severe insufficiency preoperatively or necessity for valve repair or replacement prior to or concurrent with Fontan procedure. All factors except postop RA pressure are based on preoperative assessment except where indicated. *Risk group 9 consists of the presence of any (.1) of the nine conditions (criteria of Choussaut's et a112).
tRisk group 4 consists of the presence of any (.1) of the four conditions.
Postoperative Cardiac Cathetenzation
Of the 352 patients who had a modified Fontan operation, 133 had at least one postoperative cardiac catheterization. These cardiac catheterizations were performed from 2 days to 9 years (mean, 1.8 years) postoperatively and were performed at various medical institutions. The pertinent hemodynamic data for this very select group of patients is summarized in Table 26 .
Discussion
The operative mortality for the modified Fontan operation has been well defined for a large number of patients by numerous authors.2-1' As experience with this procedure has increased, the operative risk has decreased. This is well illustrated by our own experience. Prior to 1975, the 30-day mortality for all patients having the modified Fontan operation at the Mayo Clinic was 38%; between 1976 and 1980 it was 20%; between 1981 and 1985 it was 13%; and since 1985 it has been 8%. The reduction of 30-day mortality occurred despite increasing complexity of the defects being repaired. It is essential, at this point, that the midto long-term results of this procedure be measured and the determinants of the quality of outcome be identified. To do this, we selected the earliest cohort of patients to have had the modified Fontan operation at the Mayo Clinic. This cohort was chosen so that all patients were at least 5 years postoperative when the study began. In contrast to previous studies, this design allows collection of uniform information at specified times postoperatively. An obvious consequence of this study design, however, is that patients operated on most recently (when the 30-day mortality is lowest) are excluded from the study. One could argue that the results may be different when this group is analyzed some time in the future. In an attempt to obviate this problem, we performed parallel analyses of our data, both for all patients from the time of Fontan operation and for only those patients who were alive 30 days after the Fontan operation.
A second more difficult problem in interpreting the results of this study is the lack of an unoperated n refers to number of patients with the factor. For some factors, a few patients are missing information; sum of the numbers in subgroups will not equal overall total. Survival estimates are obtained from Kaplan-Meier survival curves for selected time points after time zero.
*Risk group 9 consists of the presence of any (.1) of the nine conditions (criteria of Choussaut's et al12).
tRisk group 4 consists of the presence of any (>1) of the four conditions. or conventionally palliated (systemic-to-pulmonary artery shunt or pulmonary artery band) control group. Thus, although one can describe the outcome events, it is impossible to know if the outcome after the Fontan operation is better or worse than it would have been without the Fontan operation.
Survival
Fontan et a17 reported the outcome of 334 patients operated on in Bordeaux, France, or Birmingham, Ala. They were operated on from 1975 to 1988, and the follow-up period ranged from 1 month to 20 years. The survival was 79% (30 days), 74% (6 months), 73% (1 year), 69% (5 years), and 63% (10 years). This is remarkably similar though slightly lower than overall survival in our study (84%, 30 days; 79%, 6 months; 77%, 1 year; 70%, 5 years; and 60%, 10 years). Our data substantiate the observation by Fontan et al that there is a continued greater-than-expected risk of death even after the Fontan operation.
It is difficult to know if survival after the Fontan operation is better or worse than if the Fontan operation had not been performed. Taussig20 reported eight of 24 patients (33%) with univentricular heart who survived 20 years after a Blalock-Taussig shunt. Moodie et al21,22 reported a 50% survival 14 years after diagnosis in patients with an unoperated type A univentricular heart and a 50% 4-year survival for patients with unoperated type C univentricular heart. For patients who received conventional palliation, the survivorship for 5 years after diagnosis was 72%; for patients with type A and type C univentricular heart it was 68%. Unfortunately, it is unclear from Moodie's two studies the ages of the patients at the time of diagnosis and, hence, impossible to reconstruct survival curves from those data.
Determinants of Survival
In 1977, Choussat et al'2 listed 10 criteria for operability for a low-risk Fontan operation. It has been well established that operative survival is pos- III  152  65  11  5  52  57  13  6  IV  7  2  0  NP  3  3  2  0  Total  352  122  58  22  104  126  32 14 NYHA, New York Heart Association; D+, responded but now known to be deceased; NP, not possible. *Missing baseline NYHA class (no basis for judging change); all alive at 5-yr post-Fontan. sible, even in the absence of one or more of these criteria. It also is clear that operative mortality increases significantly as more of these risk factors are violated and that some of these risk factors are more important than others. Additionally, other risk factors have been identified, including lesions other than tricuspid atresia, presence of ventricular hypertrophy, early calendar year of operation, subaortic obstruction, long operative ischemic time, and use of prosthetic valves in the systemic venous-to-pulmonary artery connections.3,10,23
The level of right atrial pressure postoperatively is strongly associated with survival. This is because postoperative right atrial pressure is reflective of and determined by several other risk factors, including systemic ventricular function, AV valve competency and function, pulmonary arteriolar resistance, and pulmonary artery size. Obviously, because it is a postoperative measurement, it is useless as a guide for selecting patients for operation.
One must be cautious in interpreting the results of analysis of risk factors. For example, pulmonary artery size was not significantly associated with survival in our study. However, there were few patients with small pulmonary arteries sent for operation. Also, several risk factors that were important in the analysis of survivorship from date of operation lost their importance when survivorship was assessed only for patients who were alive 30 days after operation. One must not conclude that these risk factors are unimportant. Indeed, they may have accounted for early death.
Reoperation
The need for reoperation after the Fontan procedure was relatively frequent. Reoperations related to mechanical pacemakers were most frequent and were necessary for 8% of the total cohort of 352 patients. Excluding reoperation to control bleeding, revision of the right atrial-to-pulmonary artery connection was the next most common reason for reoperation (5% of the cohort). Revision of right atrialto-pulmonary artery connections has become much less frequent since we abandoned the use of prosthetic conduits and tissue valves. Current techniques for establishing patulent autologous tissue connections have reduced the need for reoperation for pathway stenosis. It remains to be seen if pathway stenosis will again become a problem because of growth as the modified Fontan operation is done in younger patients.
In this series, five Fontan operations had to be taken down. It is hoped that with more stringent selection criteria, these patients could be identified prior to establishment of the Fontan type of connection. Arrhythmias Atrial arrhythmias, particularly atrial flutter, occur in patients with single ventricle both before and after the Fontan operation. Presumably, stretch of the right atrium, decreased ventricular function, and AV valve insufficiency contribute to this problem. The occurrence of arrhythmias in our study population is based on evidence for such an arrhythmia in the patient's medical history, evidence of an arrhythmia on an electrocardiographic or 24-hour electrocardiographic recording, or patient self-reporting. It is possible that patients' self-reporting of an arrhythmia lacks precision. However, taking this caveat into account, between 12% and 22% of the patients have postoperative arrhythmias. More than 12% required n refers to number of patients with the factor. For some factors, a few patients are missing information; sum of the numbers in subgroups will not equal overall total. Survival estimates are obtained from Kaplan-Meier survival curves for selected time points after time zero.
AV valve abnormal if moderate or severe insufficiency preoperatively or necessity for valve repair or replacement prior to or concurrent with Fontan procedure.
implantation of a mechanical pacemaker, and at least 20% of the surviving cohort require at least one antiarrhythmic medication other than digitalis 5 years after operation. Because the insertion and management of cardiac pacemakers in this study were performed at a variety of institutions, the indications for pacemaker insertion, repair, or replacement were not uniform. However, among the indications for initial insertion were the presence of preoperative complete atrioventricular block, late postoperative "tachy-brady" syndrome, and the perceived need for antitachycardia pacemakers. Surgically induced complete atrioventricular block occurred but was uncommon.
It is important to recognize the presence of atrial flutter in patients who have had the Fontan operation because it may result in congestive heart failure and fluid retention. We have cared for several patients in whom this arrhythmia went unrecognized for several weeks because the patient was thought to have sinus tachycardia with first-degree atrioventricular block instead of atrial flutter with 2:1 conduction. One should suspect the presence of atrial flutter in patients who have had a Fontan operation who have a persistent and relatively constant tachycardia (100-150 beats per minute) and a prolonged PR interval. It will be important to find modifications of the surgical technique that will lessen the frequency of postoperative arrhythmias.
Protein-Losing Enteropathy or Hypoproteinemia
Protein-losing enteropathy is a serious problem after the Fontan operation.24 Its cause is unknown but probably is related to systemic venous hypertension and increased thoracic duct pressure. There also may be a local autoimmune or allergic component in the gut wall. Technically, one cannot be certain that a patient with hypoproteinemia or hypoalbuminemia after the Fontan operation has protein-losing enteropathy unless excess loss of protein from the gastrointestinal tract can be demonstrated. For this reason, we assessed the presence and determinants of protein-losing enteropathy, hypoproteinemia, or hypoalbuminemia in this study. We found an estimated occurrence rate of protein-losing enteropathy, hypoproteinemia, or hypoalbuminemia of 10.5% and 14.7% at 5 and 10 years postoperatively, respectively. There was a relatively strong relation between pro- n refers to number of patients with the factor. For some factors, a few patients are missing information; sum of the numbers in subgroups will not equal overall total. Survival estimates are obtained from Kaplan-Meier survival curves for selected time points after time zero.
All factors except postop RA pressure are based on preoperative assessment except where indicated. tein-losing enteropathy, hypoproteinemia, or hypoalbuminemia and the presence of heterotaxia syndromes, anomalies of systemic venous drainage, and increased pulmonary arteriolar resistance. Functional Status There are, of course, many ways to assess functional status. Most commonly, the NYHA classification is used. In the follow-up study by Fontan et al,7 155 (48%) patients were in NYHA class I, 51 (16%) were in class II, eight (2%) were in class III, and 105 (33%) were dead. These investigators reported that the greater the length of follow-up, the fewer patients there were in NYHA classes I and II. Indeed, in our study, which had a longer follow-up interval than the study by Fontan et al, only 49% of the survivors were in NYHA class I and II. Girod et al,9 however, reported 26 patients (80% of their cohort) to be in class I or II at the mean follow-up period of 8.9 years. DeVivie et all' studied a relatively small group of patients and found 88% of the survivors in NYHA class I or II.
When assessing functional status with the NYHA classification, it is important to compare patient status after operation with that before operation. In our study, 172 patients were in NYHA classes I and II postoperatively, and 187 were in NYHA classes I and II preoperatively. Considering class I alone, there were only five patients so classified preoperatively but 89 so classified postoperatively. We found that 180 patients were alive and in the same or better NYHA classification 5 years postoperatively than preoperatively. In contrast, 126 were dead or in a worse functional classification postoperatively than preoperatively.
Another index of functional status is exercise tolerance. We found that approximately 50% of the surviving cohort could do heavy housework or run 100 yards 5 years postoperatively. In contrast, 15 patients were incapable of climbing one flight of stairs 5 years postoperatively.
We attempted to define the factors associated with excellent outcome and poor outcome after the Fontan operation. The criteria we used to define an excellent outcome were strict. Also, it is difficult to know how to handle death in this type of analysis. Surely, death is a poor outcome. If death is included in the analysis, then there were numerous factors Multivariate associations between factors and health status were made using logistic regression with backward elimination of nonsignificant (NS) variables treating the dependent health status variable on an ordinal scale with excellent at one extreme and death at the other. Some of the subgroups did not have a sufficient number of patients to allow a meaningful analysis but are presented to indicate frequency of patients in the subgroups.
RAP, right atrial pressure; PA, pulmonary artery; LV, left ventricle; AV, atrioventricular; NYHA, New York Heart Association; RA, right atrium. n refers to number of patients with the factor. For some factors, a few patients are missing information; sum of the numbers in subgroups will not equal overall total. Survival estimates are obtained from Kaplan-Meier survival curves for selected time points after time zero.
All factors except postop RA pressure are based on preoperative assessment except where indicated. *Risk group 9 consists of the presence of any (.1) of the nine conditions (criteria of Choussaut's et al2).
tRisk group 4 consists of the presence of any (.1) of the four conditions. significantly associated with the type of functional outcome. If death is excluded as an outcome event, early calendar year of operation, complex forms of single ventricle, abnormalities of systemic venous drainage, and abnormalities of pulmonary artery architecture were significantly associated with health status 5 years postoperatively. Current health status was only influenced by calendar year of operation, abnormalities of systemic venous drainage, and rela-tively young (less than 4 years) or relatively old (greater than or equal to 16 years) age at the time of operation. Considerable caution is needed in interpreting these results. For example, abnormalities of AV valve function were not significantly associated with health status if death was not considered as an outcome event. However, abnormalities of AV valve function were strongly associated with death. Thus, patients with AV valve abnormality were more likely More than peers As much as peers 50% As much as peers 25% As much as peers <25% As much as peers lit-nraeh1o i-f rric this study (i.e., prior to 1985). Whether or not the determinants of survival and outcome that were described in this study in a retrospective fashion can be used prospectively in a meaningful manner remains to be seen. Second, Choussat et al12 were correct. The best results after the Fontan operation will be for patients who fulfill the criteria that they outlined. Third, Fontan et all17,8 were correct that the operation that bears Fontan's name is palliative in nature and is associated with ongoing mortality and morbidity. Fourth, we have reached a point where more insightful selection of patients for this operation is warranted. Historically, cardiologists and surgeons have been deviating further and further from the original criteria of Choussat et al and have demonstrated that patients lacking many of these criteria can survive operation. Perhaps to ensure good functional longterm outcome in addition to survival, we must be diligent in excluding from the Fontan operation patients known to be at high risk for death or poor outcome. This is especially important because there now are alternative treatment options. These options include techniques to improve pulmonary blood flow without concomitant ventricular volume overload (variations of the Glenn anastomosis) and cardiac transplantation. Fifth, it may be true (but not necessarily true, and certainly unproved at this time) that offering the Fontan operation at an earlier age before ventricular dysfunction and AV valve dysfunction occur may result in improved long-term results.
